Neoproterozoic carbonate rocks comprise different stratigraphic units in the southern part of the Espinhaço Ridge, Minas Gerais, Brazil. C, O-and Sr-isotope analyses were carried out along four selected stratigraphic sections across these formations. Sr observed in carbonate samples from the Macaúbas Group are similar to those observed in the Sr-isotope secular curve for the Neoproterozoic. Carbonate samples from the base of the Bambuí Group correlate with Ediacaran fingerprints, after the Marinoan (ca. 635 Ma) glaciation.
INTRODUCTION
The main scope of this study is to investigate the C-, Oand Sr-isotope stratigraphy of carbonate rocks of the Mesoproterozoic Espinhaço Supergroup and the Neoproterozoic Macaúbas and Bambuí groups, exposed in the southeastern portion of the São Francisco Craton and Araçuaí Belt, southeastern Brazil.
This investigation aims at understanding the nature of the depositional environments and climatic conditions that predominated during the deposition of the above-mentioned units, as well as to examine how C and Sr-isotope data fit the global Meso-to Neoproterozoic secular isotope curves (Veizer et al. 1983 , Kaufman et al. 1993 , Hoffman et al. 1998 , Halverson et al. 2007 , 2010 .
The Espinhaço Ridge in southeastern Brazil (Minas Gerais) comprises Archean Basement and Rio Paraúna Supergroup, the Paleo-Mesoproterozoic Espinhaço Supergroup (divided into the Diamantina and Conselheiro Mata Groups), the Neoproterozoic Macaúbas and Bambuí Groups (Fig. 1) . The Macaúbas Group crops out at the western margin of the Araçuaí Belt and overlies stratigraphically metasediments of the Espinhaço Supergroup. The contact between these two units has been described either as an angular unconformity or as an erosive disconformity (Pflug 1965 , Schöll and Fogaça 1979 , Uhlein 1991 . The Bambuí Group crop out at the eastern margin of the São Francisco Craton and includes mixed carbonate and siliciclastic strata deposited on tectonically stable craton. A package of carbonate rocks occurs at the central portion of the Espinhaço Ridge. They include gray dolostones of the Rio Pardo Grande Formation (top of the Conselheiro Mata Group) as well as limestones of the Neoproterozoic Bambuí Group exposed along the western side of this ridge. Dolostone lenses of the Domingas Formation and laminated limestones at the Tijucuçu Farm are equivalent to the basal sequence of Macaúbas Group in the northeastern portion of the Espinhaço Ridge.
Carbonatic and siliciclastic lithofacies from sections at the Tijucuçu Farm, dolostone with stromatolitic lenses exposed along the Jequitinhonha River and in the Boqueirão Farm (Inhaí and Senador Mourão-Diamantina), gray dolostone samples of the Rio Pardo Grande Formation and limestones of the Bambuí Group (Rodeador-Monjolos) are here described and the C, O and Sr isotopic results are discussed ( Fig. 1 ; Area 1 and Area 2).
GEOLOGIC BACKGROUND
The Espinhaço Ridge is essentially composed of crystalline basement rocks (Congonhas Group and Gouveia granites), metavolcanic and schists (Rio Paraúna Supergroup) and metasedimentary rocks of the Espinhaço Supergroup (metaconglomerates, quartzites and phyllites), deposited in a rift basin during the Paleo-Mesoproterozoic (Dussin and Dussin 1995, Martins-Neto 1998 Uhlein (1991) has reviewed the regional geology of the central portion of the Espinhaço Ridge, encompassing the southeastern limit of the São Francisco Craton and the external domain in the transition zone to the Araçuaí orogenic belt.
In the northeastern part of the Espinhaço Ridge (area 1, Fig. 1 ), carbonate layers comprise part of the basal sequence of the Macaúbas Group. The Duas Barras Formation (Noce et al. 1997 , Fraga et al. 2011 , Fraga 2013 ) is formed by sedimentary rocks deposited in proximal fluvial system (conglomeratic sandstones grading down to fine-to medium-grained sandstones). This formation is overlapped by the Domingas Formation (massive siltstones and laminated mudstones with dolostone lenses) deposited in a coastal environment (Noce et al. 1997 . Glacial diamictites of the Serra do Catuni Formation overlie these units. A strong erosive unconformity separates the Duas Barras Formation and the Serra do Catuni Formation suggesting installation of a continental glacier. Diamictites of the Serra do Catuni Formation overlie this unconformity, and represent glaciocontinental to glacio-marine environments, while the pelitic-sandstone association of the Chapada Acauã Formation comprises a glacio-marine facies. Glacial erosion caused the destruction of a large portion of the carbonate rocks, locally juxtaposing diamictite packages and carbonate layers in one topographical level.
The Area 1 (Fig. 2) shows the Duas Barras, Domingas and Serra do Catuni Formations, in the Macaúbas Group. In this area, gray dolostone lenses occur laterally, associated with layers of massive siltstones and laminated pelites, on top of the Domingas Formation. This unit is found in a semicontinuous range along the Jequitinhonha River (section 2), and near the district of Inhaí (Boqueirão Farm; Fig. 2 ). Thick dolostone lenses occur in the river ledge and, at the Boqueirão Farm, they are At the western margin of the Espinhaço Ridge, the area 2 (Fig. 3) shows the Rio Pardo Grande Formation (Espinhaço Supergroup), the A Level (Macaúbas Group) and Bambuí Group. Gray Pflug 1965 , Baptista et al. 1986 , Dupont 1995 . The rocks of the Conselheiro Mata Group comprise a marine sequence with pelites and fine-grained sandstones representing deposition during thermalflexural subsidence in a transgressive environment (Martins-Neto 1998), following the deposition of the basal sequences (Diamantina Group; Espinhaço Supergroup) in the Espinhaço Rift system.
Fine-to medium-grained feldspar-rich sandstones, with angular dolostone fragments (Level A - Macaúbas Group) overlie a gray dolostone of the Rio Pardo Grande Formation, filling an erosive paleo-surface, in amalgamated parallel layers (Fig. 3 ). These rocks (Level A) occur at the base of diamictites of the Serra do Catuni Formation (Dossin and Dardenne 1984, Dupont 1996) a glacial sequence in the western margin of the Espinhaço Ridge ( Fig. 1 ).
ANALYTICAL METHODS
Sixty-four limestone and dolostone samples were collected, at 1.5m to 2m interval, along the selected sections. These samples were powdered at the CPMTC of the Federal University of Minas Gerais, using an electric drill or shatter box and then analyzed for C and O isotopes at the Stable Isotope Laboratory (NEG-LABISE), Federal University of Pernambuco, using the methods described by Sial et al. (2000) and Pandit et al. (2002) . Powdered samples were reacted with H 3 PO 4 at 25°C to release the CO 2 . An extended reaction period was preferred for the dolomite-rich samples instead of increasing the reaction temperature. The δ 13 C and δ 18 O values were measured on cryogenically cleaned CO 2 (Craig 1957) using a triple collector SIRA II or Delta V advantage mass spectrometers. The C and O isotopic data are reported as ‰ deviation with reference to V-PDB and V-SMOW, respectively. Borborema skarn calcite (BSC), calibrated against international standards, was used as the reference gas and reproducibility of the measurements was better than ± 0.1‰. The values obtained for the standard NBS-20 in a separate run against BSC yielded δ 13 C V-PDB = -1.05‰, and δ 18 O V-PDB =-4.22‰. These results are in close agreement with the values reported by the US National Bureau of Standards (-1.06‰ and -4.14‰, respectively). For Sr-isotope analysis, 100mg of powdered carbonate samples were separated from 19 fresh samples, from the same sections analyzed for C and O isotopes. Laboratory procedures are found in Sial et al. (2000) , Alvarenga et al. (2007) and Vieira et al. (2007) . These samples were analyzed at the laboratory of Isotope Geology of the Federal University of Rio Grande do Sul, Brazil.
Elemental concentrations (Sr, Mn) were determined by inductively coupled plasma optical emission spectroscopy (ICP-OES) in the Lakefield Geosol Laboratories in the city of Belo Horizonte. The Mn/ Sr ratio is the most commonly used geochemical criteria for assessing the degree of alteration of Neoproterozoic carbonates.
ISOTOPE DATA EVALUATION SECTION 1-LAMINATED CALCARENITES AND CALCILUTITES (TIJUCUÇU FARM)
The section at the Tijucuçu Farm (Figs. 4 and 5) comprises a 30m-thick rhythmic carbonate-pelitic sucession at the base, followed by a thick layer of laminated calcarenite and calcilutite with intraclastic material resulting from reworking. In this section, 15 samples were collected at 1.5 m interval.
In this section, δ
13
C values vary from 7‰ to 11‰ with sharp decrease to -1.0‰ in laminated calcilutites in the upper part of the section, which displays higher δ to-12‰). This gradual change suggests a decrease in the sedimentation rate associated to warmer and dryer climatic conditions. The decrease in the contribution of continental sediments allowed for accumulation of carbonate sediments in the coastal region (Nagarajan et al. 2008 ). The carbon isotope behavior suggests eustatic sea-level fluctuation, with minor transgressions followed by regressions, which generally precede a significant climate change (Hall and Veizer 1995 , Halverson et al. 2007 , 2010 . These isotopic variations follow the lithological variations in the carbonate sequence (Fig. 5) .
Weathering may have partially affected isotopic results for samples from calcarenite layers in the profile Tijucuçu (samples B and Q; Macaúbas Group), but the corresponding Mn/Sr ratios are within the limits for primary signals (Mn/Sr <2). Therefore, it is assumed here that the Section 2 was performed over a dolostone lens with stromatolites exposed along the Jequitinhonha River, at the top of Domingas Formation. This association consists of massive white-gray metasiltstone, followed by laminate metaclaystone containing isolated dolostone lenses at the top with columnar stromatolitic structures (Fig 6) . The stromatolites were classified by macro and mesostructures. This way, two distinct species of stromatolite were recognized where conical shapes, without branches, show high degree of laminar heritage, and thus were classified as Conophytons. The branched shapes, usually with parallel dicotomas and convex growth were classified as Jacuthophytons .
In this section, ten samples were collected in two-meter intervals. In lenses from the Boqueirão Farm (Fig. 2) only two Sr isotopic analyses were carried out. The geometry of the lenses and their stratigraphic position suggest that these rocks had been chemically precipitated in coastal lagoons ). There is a clear difference between the δ 13 C isotopic behaviors of these rocks when compared to data from the Tijucuçu Farm (Fig. 6) The lithological composition and the paleontological records of these dolostones are different from those found on the dolostone lenses of the Macaúbas Group. In the Rio Pardo Grande Formation, these rocks are found at the base of this stratigraphic unit, and consist of a thick layer of gray massive dolostone, followed upwards by layers with stratiform stromatolites (Fig. 8) . At the top of this sequence, intraclastic conglomeratic lenses are observed, indicating marine reworking processes on a plataformal environment. Sr values found for these two carbonate sequences (between 0.7072 and 0.7079) correspond to values usually found in the Sr-isotope homogenization process, in post-glacial oceans of the Cryogenian (Veizer et al. 1983 , Halverson et al. 2007 ). The quarry of Rodeador district (Fig. 3 -section  4) in the western portion of the Espinhaço Ridge consists of perfectly laminated, white to pink limestone, deformed and metamorphosed during the Brasiliano Cycle. These rocks are at angular unconformity with gray dolostones of the Rio Pardo Grande Formation.
Values of δ
C between -5 and +5‰ in gray limestones or dolostone of the Sete Lagoas Formation, Bambuí Group, jump to 10‰ towards the upper part of this stratigraphic unit (Ramos 2000 , Santos et al. 2004 , Vieira et al. 2007 , Martins and Lemos 2007 . C-isotope values observed in laminated limestones of the Rodeador quarry suggest that these rocks belong to the middle portion of the Sete Lagoas Formation, prior to the positive isotopic excursion characteristic of the top of this formation (Fig. 10) .
In section 4 (Rodeador district), carbonate layers from the base of the Bambuí Group (Sete 
EVALUATION AND INTERPRETATION OF THE RESULTS

A δ
18 O -δ 13 C plot for the four studied sections discriminate three distinct associations (Fig. 11) .
In group 1, limestones from the Tijucuçu Farm plot, found in a position higher than those of others groups of carbonate rocks in this study. Their isotopic characteristics are typical of marine environments, related to enrichment in 13 C during diagenetic cementation (Milliman 1966 , Nagarajan et al. 2008 . Sr values plotted against age for the Neoproterozoic-Cambrian interval (Halverson et al. 2007 ) allow for the estimation of the age of the studied sedimentary units (Fig. 12) . Massive diamictite layers deposited during the Marinoan glaciation are housed in the northeastern region (Serra do Catuni Formation) over carbonate layers of the Macaúbas Group. In the western portion of the Espinhaço Ridge (Fig. 13) , these glacial diamictites occur at the base of carbonate rocks of the Bambuí Group. 
